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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  
Can you record movies/images using your own microscope camera? (Y/N) N/A  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.2, 3.2, 3.3, 7.9
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Step 3.3. Sonication time can vary both between sample and tissue type and has to be adjusted accordingly. For proper optimization, a trial run is performed for each sample by incrementally increasing the sonication time and continuously checking fragment size. For the initial ChIP-experiment chromatin fragments should range between ~200-1000 bp for optimal immunoprecipitation, and purified ChIP-DNA should be quantified before proceeding to library preparation.
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? ___________________________________________________


1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this protocol is to unbiasedly identify combinatorial chromatin state patterns in tumor tissues and cancer cell lines. (Intro) 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Christopher Terranova: This method can help answer key questions in the cancer epigenetics field, such as how aberrant histone modification states contribute to tumorigenesis. 
1.2. Christopher Terranova: The main advantage of this technique is that multiple samples and histone modification marks can be processed efficiently and simultaneously.  


Protocol: (read by voice talent at JoVE)  
2. Tissue/Cell Line Processing and Cross-linking
2.1. First, dissociate 50 milligrams of melanoma tissue manually in 2 milliliters of Hanks’ Balanced Salt Solution, or HBSS using a sterile razor blade [1-MED/MED-over the shoulder-TXT]. Mince the tissue into 3 to 4 millimeter pieces for approximately 5 minutes in a sterile tissue culture dish [2-CU].   
2.1.1. *Film as written, with HBSS container label visible in frame if possible. TEXT: ~8 mg per histone modification antibody. (Video Editor: overlay should appear at mention of “50 milligrams of melanoma tissue”).
2.1.2. Tissue in sterile culture dish as talent minces it.
2.2. Transfer the tissue solution into a dissociator tube and add another 8 milliliters of HBSS [1-MED-over the shoulder]. Further dissociate the tissue using a dissociator until homogenized [2-MED].  
2.2.1. *Film as written.
2.2.2. Talent places tissue sample in dissociator and turns the dissociator on.
2.3. Next, cross-link the tissue by adding 200 microliters of 16 percent formaldehyde per 3 milliliters of HBSS [1-MED-over the shoulder-TXT]. Using a mixer, shake the mixture at 10 rpm for exactly 10 minutes at 37 degrees Celsius [2-MED].  
2.3.1. *Film as written. TEXT: 1% formaldehyde concentration.
2.3.2. Talent places sample on mixer in an incubator and turns the mixer on.
2.4. After removing the sample from the incubator, add 200 microliters of 2 molar glycine per 3 milliliters of sample [1-MED-over the shoulder] and shake the mixture at 10 rpm for 5 minutes at 37 degrees Celsius [1-MED-over the shoulder] [2.4.2]. 
2.4.1. Talent adds glycine to the sample, places sample on mixer in the incubator, and turns the mixer on.
2.4.2. [Added Shot]: Use shot 2.3.2
2.5. Spin the sample at 934 x g for 5 minutes at 4 degrees Celsius using a benchtop centrifuge [1-MED]. When finished, remove the supernatant and add 5 milliliters of ice cold PBS [2-MED-over the shoulder]. Then, centrifuge the sample again at 934 x g and remove the supernatant [3-MED].  
2.5.1. Talent places sample in the centrifuge, inputs the parameters, and starts the centrifuge. 
2.5.2. *Film as written.
2.5.2a. [Added Shot]: add PBS
2.5.3. Talent removes sample from centrifuge and removes the supernatant. (Videographer Comment: Use 2.5.1 and then 2.5.2) (Editor: Use only one of those. Reusing shots like this so close to each other was not a great call, and the VO doesn't really seem long enough for both of those shots)
3. Tissue Lysis, Sonication, and Antibody Preparation
3.1. Add 300 microliters of ChIP harvest buffer with protease inhibitors per 50 milligrams of tissue and lyse the samples for 30 minutes on ice [1-MED-over the shoulder-TXT].
3.1.1. Talent adds buffer to sample and places sample on ice. TEXT: See text for ChIP harvest buffer prep. 
3.2. While the cells are lysing, turn on the waterbath disruptor and associated cooling system and allow the temperature to reach 4 degrees Celsius [1-MED]. Place the sonicator tube in the water bath disruptor and sonicate the melanoma tissue for 60 cycles at 30 seconds on and 30 seconds off to obtain chromatin fragments of 200 to 600 base pairs [2-MED-over the shoulder-TXT]. 
3.2.1. *Film as written, with temperature reading visible in frame if possible.
3.2.2. Talent places tube in water bath disruptor and turns on the sonicator. Show as many cycles as possible. TEXT: Sonication time depends on tissue type.
3.3. For 8 milligrams of melanoma tissue, incubate 3 micrograms of each histone antibody with 20 microliters of protein G magnetic beads in 100 microliters of binding blocking buffer for 2 hours at 4 degrees Celsius with rotation using a tube revolver [1-MED-TXT]. 
3.3.1. Talent prepares sample, places it on tube revolver, and turns the tube revolver on. TEXT: 12 samples contain 240 μL beads, 36 μg antibody, 1,200 μL buffer.  
4. Chromatin Immunoprecipitation
4.1. After sonication, dilute the sample 5 times using ChIP dilution buffer to bring the SDS concentration down to 0.1 percent [1-MED-over the shoulder-TXT].
4.1.1. Talent adds buffer to sample. TEXT: See text for ChIP dilution buffer prep.  
4.2. After incubation of the antibody and protein G magnetic beads is complete, remove the ChIP dilution buffer and resuspend the beads in 240 microliters of the fresh buffer [1-MED]. Then, place 20 microliter aliquots of the beads into 12 separate tubes, each of which will be used for a separate tissue sample [2-MED-over the shoulder].  
4.2.1. Talent removes buffer from the sample and then adds fresh buffer to the sample.
4.2.2. *Film as written.
4.3. Aliquot the sonicated material evenly to the protein G beads with specific antibody…[1-CU] and rotate the tubes using a tube revolver overnight at 4 degrees Celsius [2-MED]. 
4.3.1. Tubes containing protein G beads as talent adds the sonicated material.
4.3.2. Talent places tubes on tube revolver and turns the tube revolver on.
5. Washing and Reverse Cross-linking of Immunoprecipitated DNA-protein Complexes
5.1. On the morning after reverse cross-linking, transfer the antibody-protein solution to a 96-well plate and place it on a magnetic stand [1-MED-over the shoulder]. After allowing the beads to adhere for at least 30 seconds, remove the supernatant [2-MED].
5.1.1. *Film as written. (Editor: The videographer crossed out a portion of the VO for this shot…but crossed out too much for the action to make sense. Now I don’t know what’s being shown here. I’ve left the entire VO for now, and we’ll have to adjust if necessary based on the footage)
5.1.2. Talent removes the supernatant from the samples in the plate.
5.2. Wash the beads 5 times with 150 microliters of ice-cold RIPA wash buffer using a multi-channel pipet [1-MED-over the shoulder]. Move the magnet continuously for 30 seconds per wash [2-MED]. Then, remove the supernatant [3-MED-over the shoulder]. 
5.2.1. *Film as written and show as many washes as possible. (Editor: I’m not sure if the washing is shown in 5.2.2 or not)
5.2.2.  *Film as written. TEXT: Do not pipet beads.
5.2.3. *Film as written.
5.3. After the washing steps, add an elution buffer master mix containing 44 microliters of direct elution buffer, 1 microliter of RNase, and 5 microliters of Proteinase K per ChIP and input the sample for reverse cross-linking [1-MED-over the shoulder].
5.3.1. *Film as written.  
5.4. Incubate the samples using a PCR thermal cycler for 4 hours at 37 degrees Celsius, 4 hours at 50 degrees Celsius, and 8 to 16 hours at 65 degrees Celsius [1-MED]. 
5.4.1. Talent places samples in thermal cycler, inputs the parameters, and starts the run. Show parameters in frame if possible.
5.4.2. [Added Shot]: CU of parameters (Editor: This shot can be used however looks best during “…for 4 hours at 37 degrees Celsius, 4 hours at 50 degrees Celsius, and 8 to 16 hours at 65 degrees Celsius”. It can be cut to, or shown as an inlay or splitscreen, or whatever provides the information and looks best)
6. Purification and Quantification of Precipitated DNA
6.1. On the next morning, place the samples back on the magnet and transfer the supernatant to a new 96-well PCR plate, which contains the immunoprecipitated DNA [1-MED].
6.1.1. *Film as written.
6.2. Add 2.3x paramagnetic beads to the solution and carefully pipet up and down 25 times using a multichannel pipet [1-CU]. 
6.2.1. *Film as written.
6.3. Following this, incubate at room temperature 4 minutes [1-MED]. Then, place the samples back on the magnet and incubate at room temperature for another 4 minutes [2-MED-over the shoulder]. 
6.3.1. *Film as written. [Shots 6.3.1 and 6.3.2 combined]
6.3.2. *Film as written.
6.4. After discarding the supernatant, add 150 microliters of 70 percent ethanol to the samples and incubate at room temperature for 30 seconds without distributing the beads [1-MED]. Then, remove the ethanol and repeat the wash [2-MED-over the shoulder]. 
6.4.1. *Film as written. [Shots 6.4.1 and 6.4.2 combined]
6.4.2. *Film as written.
6.5. After allowing the beads to dry, remove the samples from the magnet and add 30 microliters of 10 millimolar Tris-Cl [1-MED]. Mix by pipetting 25 times and remove the samples from the magnet [2-MED-over the shoulder]. [1-MED]
6.5.1. *Film as written. (Videographer comment: use 6.4.1)
6.5.2. *Film as written.
6.6. After incubating the samples at room temperature, place them back on the magnet [6.6a] and incubate at room temperature for another 4 minutes [1-MED]. Transfer 20 microliters of each sample to a new 96-well plate for library preparation [2-MED-over the shoulder]. 
6.6a.  [Added Shot]: Place on magnet
6.6.1. *Film as written. [Shots 6.6.1 and 6.6.2 combined]
6.6.2. *Film as written.
7. Library Generation Using the NEBNext Ultra II DNA Library Preparation Kit
7.1. After PCR amplification, remove the samples and bring the total volume to 100 microliters using nuclease-free water [1-MED]. Perform double-sided paramagnetic size selection by first adding 55 microliters of beads to each sample and mixing 25 times with a pipette [2-MED-over the shoulder-TXT]. Then, incubate at room temperature for 4 minutes [3-MED].
7.1.1. *Film as written.
7.1.1a. [Added Shot]: Bringing up the volume to 100 mL (Editor: I don’t think this shot is necessary. Feel free to use it if 7.1.1 is too short for the VO, or if this shot looks good and is interesting to include, but it can also be omitted if it doesn’t fit)
7.1.2. *Film as written. TEXT: 0.55x/0.8x. (Video Editor: overlay should appear at mention of “double-sided paramagnetic size selection”).
7.1.3. *Film as written.
7.2. Place the samples back on a magnet and incubate at room temperature for another 4 minutes to to retain large fragments on the beads that are unsuitable for sequencing [1-MED-over the shoulder].
7.2.1. *Film as written.
7.3. After incubation, transfer the supernatant to a new 96-well PCR plate [1-MED]. 
7.3.1. *Film as written.
7.4. Add another 25 microliters of paramagnetic beads to the samples, mix by pipetting 25 times, and remove the samples from the magnet [1-MED]. 
7.4.1. *Film as written.
7.5. After incubating at room temperature, place the samples back on the magnet and incubate at room temperature for 4 minutes [1-MED-over the shoulder]. Then, discard the supernatant [2-MED] [7.2.1]. 
7.5.1. *Film as written. (Videographer Comment: Use 7.2.1 for 7.5.1/7.5.2)
7.5.2. *Film as written.
7.6. While leaving the samples on the magnet, add 150 microliters of 70 percent ethanol and incubate at room temperature for 30 seconds without distributing the beads [1-MED-over the shoulder]. Remove the ethanol and repeat the wash [2-MED] [6.4.1]. 
7.6.1. *Film as written. (Videographer Comment: Use 6.4.1 for 7.6.1/7.6.2)
7.6.2. *Film as written.
7.7. After allowing the beads to dry, remove the samples from the magnet and add 25 microliters of 10 millimolar Tris-Cl [1-MED-over the shoulder]. Mix by pipetting 25 times and remove the samples from the magnet [2-MED]. After incubating at room temperature, place the samples back on the magnet and incubate at room temperature for 4 minutes [3-MED-over the shoulder]. [6.4.1]
7.7.1. *Film as written. (Videographer Comment: Use 6.4.1 for 7.7.1/7.7.2/7.7.3)
7.7.2. *Film as written.
7.7.3. *Film as written.
7.8. Now, quantify the libraries using a high sensitivity DNA electropherogram instrument before multiplexing to ensure the sizes are suitable for sequencing [1-MED]. 
7.8.1. Talent loads the samples in the electropherogram instrument and starts the run in the analysis software.
7.9. Finally, pool the quantified DNA based on unique index primers according to the concentration [1-MED].  
7.9.1. *Film as written. (Editor: The videographer struck out this shot, but did not clearly adjust the VO. I’m leaving the VO in case it is needed, but I’m not sure if anything was shot for this. If there is no shot for this, feel free to omit it entirely – including the VO)

8. Results: Immunoprecipitation of Tumor Tissues and Cells Using High-throughput ChIP-sequencing
8.1. This protocol allows immunoprecipitation of frozen tumor tissues and cell lines that can be performed on dozens of samples in parallel using a high-throughput method [1-LM]. Chromatin fragments should range between 200 and 1,000 base pairs for optimal immunoprecipitation [2-LM]. 
8.1.1. 56972fig1.jpg, 56972fig1large.jpg, Figure1_Revised.pdf
8.1.2. 56972fig2.jpg, 56972fig2large.jpg, Figure 2_Revised.pdf: Show figure A and highlight the section of the electropherogram between 200 and 1000 on the x-axis.
8.2. Purified ChIP-DNA should be quantified before proceeding to library preparation [1-LM]. Completed libraries suitable for multiplexing and next generation sequencing should range between 200 and 600 base pairs and be devoid of any primer dimers [2-LM].  
8.2.1. 56972fig2.jpg, 56972fig2large.jpg, Figure 2_Revised.pdf: Continue showing figure A.
8.2.2. 56972fig2.jpg, 56972fig2large.jpg, Figure2_Revised.pdf: Show figure B and highlight the section of the electropherogram between 200 and 600 on the x-axis.
8.3. Upon post-sequencing, there are many quality control metrics that should be met before proceeding to further steps of the pipeline, such as MACS peak-calling or ChromHMM analysis [1-LM]. 
8.3.1. 56972fig3.jpg, 56972fig3large.jpg, Figure3_new.pdf: Highlight “call_peaks_macs1” and “call_peaks_macs2” at mention of MACS peak-calling. Highlight “chromHmm_binarize” and “chromHmm_learn” at mention of ChromHMM analysis. 
8.4. ChIP samples should be enriched over input DNA and each histone modification should display a distinct profile representing a specific component of the epigenetic landscape [1-LM]. 
8.4.1. 56972fig4.jpg, 56972fig4large.jpg, Figure4_Revised.pdf: Emphasize or zoom into figure A.
8.5. The ChromHMM algorithm uses a multivariate Hidden Markov Model to identify the most prominent re-occurring combinatorial and spatial chromatin patterns based on the histone modifications studied [1-LM]. Using these six modifications, ChromHMM identifies functionally distinct chromatin states representing both repressive and activate domains, such as polycomb repression, heterochromatic repression, active transcription, and active enhancers [2-LM]. 
8.5.1. 56972fig5.jpg, 56972fig5large.jpg, Figure5_new.pdf
8.5.2. 56972fig5.jpg, 56972fig5large.jpg, Figure5_new.pdf: Highlight Chromatin State 1 row at mention of “polycomb repression”, Chromatin State 5 row at mention of “heterochromatic repression”, Chromatin State 8 and 9 rows at mention of “active transcription”, and Chromatin State 13 and 14 at mention of “active enhancers”.

9. Conclusion (said by authors on camera)
9.1. Kunal Rai Ming Tang: Once mastered, this technique can be done in 3 to 4 days if it is performed properly.
9.2. Kunal Rai Ming Tang: While attempting this procedure, it’s important to remember to determine optimal sonication conditions and antibody specification before continuing to library preparation and data processing.
9.3. Kunal Rai: Following this procedure, other methods like RNA-sequencing and Chromosome Conformation Capture can be performed in order to answer additional questions like how histone modification states correlate with gene expression patterns and higher-order chromatin structure.
9.4. Kunal Rai: After its development, this technique paved the way for researchers in the field of cancer epigenetics to explore aberrant histone modification states in patient tumor tissue samples.
9.5. Kunal Rai Elias Orouji: After watching this video, you should have a good understanding of how to process and disassociate tumor tissues, perform Chromatin Immunoprecipiation, prepare libraries for next generation sequencing, process post-sequencing data, and gain insight into the initial steps of downstream analysis.
9.6. [bookmark: _GoBack]Kunal Rai Elias Orouji: Don't forget that working with formaldehyde can be extremely hazardous and precautions such as the usage of an appropriate fume hood should always be taken while performing this procedure.   
   

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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